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IMAGE SENSOR WITH A PHOTODIODE ARRAY 


Background Of The Invention 


^T~ T. Field of the Invention 

% 

The present invention relates to the field of image sensors, usable for example in video cameras. o 

2. Discussion of the Related Art 

Among the various techniques for converting an image projected on a target into electric data, 
10 targets formed of a semiconductor substrate supporting an array of photodiodes are used. The diodes 
are generally reverse-biased and capacitively charged. In the absence of light, they keep their charge 
and, when lit, they discharge. A bright image element or pixel can thus be differentiated from a dark 
pixel and an image in the form of a matrix of data corresponding to the electric charges of each of 
the pixels can thus be restored. 
15 Further, it is known to form this matrix so that all pixels are divided into three sub-arrays 
corresponding to each of three colors (currently, red, green, and blue). For this purpose, each of the 
pixels, that is, each of the diodes, is coated with a color filter. It is known to use an interference filter 
as a color filter. Interference filters formed of materials compatible with usual MOS-type integrated 
circuit manufacturing lines have also been provided. Thus, an interference filter may be formed of 
20 a silicon oxide layer coated with a polysilicon layer, itself coated with a silicon nitride layer. In fact, 
the successive materials have to alternately have low and high optical indexes. 

In such structures, the storage capacity of each pixel is associated with the pixel dimension and 
more specifically with the dimension of the junction of the associated diode. 

25 Summary Of The Invention 

An object of the present invention is to increase this storage capacity without increasing the 
dimension of an elementary cell of the sensor and without complicating its manufacturing. 

To achieve this object as well as others, the present invention provides an array of photodiodes 
formed of regions of a second conductivity type formed in a semiconductivc region of a first 
30 conductivity type, divided into three interleaved sub-arrays, all the photodiodes of a same sub-array 
being coated with a same interference filter including at least one insulating layer of determined 
thickness coated with at least one conductive layer. The conductive layers are electrically connected 
to the semiconductive region of a first conductivity type. 

According to an embodiment of the present invention, the electric connection is indirect. 
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According to an embodiment of the present invention, the semiconductor substrate is a single- 
crystal silicon substrate, and the interference filter includes a silicon oxide layer formed above the 
substrate and a conductive polysilicon layer formed above the silicon oxide layer. 

The foregoing objects, features and advantages of the present invention will be discussed in 
detail in the following non-limiting description of specific embodiments in connection with the 
accompanying drawings. 

Brief Description Of The Drawing s 

Fig. 1 A shows a simplified cross-sectional view of a pixel of a photodiode array according to the 
present invention; 

Fig. IB shows the equivalent diagram of the pixel of Fig. 1 A; 

Figs. 2A, 2B, 2C illustrate successive steps of a method of realization of a layer of an 
interference filter used according to the present invention; 

Fig. 3 shows in the form of a diagram an image sensor formed of a photodiode matrix according 
to the present invention; and 

Fig. 4 shows an example of realization of a pixel of an image sensor according to Fig. 3. 

Detailed Description 

It should be noted that, as usual in the field of the representation of semiconductor components, 
the various drawings are not drawn to scale but that the dimensions of their various elements have 
been arbitrarily modified to facilitate the readability and simplify the drawing. 

Fig. 1A shows a cross-sectional view of a photodiode associated with an interference filter 
according to the present invention. This photodiode is formed of an N-type semiconductive region 
1 formed in a P-type semiconductor substrate 2. It will be assumed herein that the substrate is made 
of single-crystal silicon. Above region 1 is formed a multiple layer deposition forming an 
interference filter and including, for example, a silicon oxide layer 4, a polysilicon layer 5, and a 
silicon nitride layer 6. For optical radiation in the visible field, single-crystal silicon and polysilicon 
have a high refraction coefficient, on the order of 4, while silicon oxide and silicon nitride have low 
coefficients, on the order of 1.5. In a known manner, the thicknesses of the different layers have to 
be adjusted to have a coated effect and a filtering effect adapted to a specific wavelength. For 
example, if layers 5 and 6 have respective thicknesses of 20 and 50 nm, a filter is formed for blue 
by choosing for oxide layer 4 a thickness on the order of 1 50 nm, a filter is formed for green with 
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a thickness on the order of 1 90 nm, and a filter is formed for red with a thickness on the order of 230 
nm. 

According to the present invention, polysilicon layer 5 is not left floating but is set to the same 
potential as substrate 2. This is schematically illustrated in the drawing by a contact between layer 
5 and a heavily-doped P-type region 8 of substrate 2. Polysilicon layer 5 is sufficiently doped to be 
well conductive; it may also be coated with a metal layer (aluminum) or be silicided, outside regions 
where it is useful to make a filter. 

Due to the link between layer 5 and substrate 2, the structure corresponds to the equivalent 
diagram shown in Fig. IB. It is assumed that cathode region 1 of photodiode D is connected to a 
terminal K not shown in Fig. 1 A and that the anode of the photodiode is connected to a terminal A, 
currently grounded. The presence of conductive layer 5 connected to the substrate is equivalent to 
the existence of a capacitor C arranged in parallel on the diode. The first "plate" of the capacitor is 
formed of layer 5 connected to the substrate, that is, to the diode anode. The second "plate" of the 
capacitor corresponds to cathode region 1 of the diode. 

The equivalent capacity of each diode is thus increased, that is, the storage capacity of each 
photoelement and thus, the dynamics of the electric signals resulting from a lighting, is increased. 
The linearity of the charge/voltage characteristic is also improved by adding a constant capacitance 
to the capacitance of the diode junction which is variable with the applied voltage. 

Figs. 2A to 2C illustrate an example of a method for forming oxide layers of different 
thicknesses over three groups of cathode regions 1R, 1G, IB respectively sensitive to red, to green, 
and to blue. 

In a first step illustrated in Fig. 2 A, a first silicon oxide layer 4-1 is deposited and etched to 
maintain it in place only above regions 1R. 

In a second step illustrated in Fig. 2B, a second silicon oxide layer 4-2 is deposited and etched 
to only leave it in place above regions 1R and 1G. 

In a third step illustrated in Fig. 2C, a third silicon oxide layer 4-3 is deposited and left in place. 
After this, a polysilicon layer 5 and possibly, as previously described, a silicon nitride layer, are 
deposited. Then, the structure is properly etched to enable making contacts at selected locations. 

The thickness of layer 4-3, in the case of the example given previously, is 150 nm, and the 
thicknesses of layers 4-1 and 4-2 are 40 nm so that oxide layers having respective thicknesses of 230, 
190 and 150 nm are found above regions 1R, 1G, and IB. 

Fig. 3 partially shows as an example and in the form of a circuit the conventional structure of a 
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photodiode array intended for forming an image sensor. Each photodiode Dij is connected by its 
anode to the ground and by its cathode to the source of a precharge transistor Pij, the drain of which 
is connected to a reference voltage VR and the gate of which is connected to a row line Ri meant to 
select all the transistors Pij of a same row. Thus, in a first phase, diodes Dij are precharged. Then, 
5 after lighting, the voltage across the diodes is read by means of an amplifier formed, for example, 
of a first transistor Tij, the gate of which is connected to the connection node of transistor Pij and 
diode Dij, the source of which is connected to a column line Cj and the drain of which is connected 
to a high voltage Vdd. Each line Cj is connected to an amplifier Aj forming for example with 
transistor Tij a follower amplifier. 

In such a structure, each diode Dij can be of the type described in connection with FIGS. 1 A-1B, 
that is including a diode in parallel with a capacitor (not shown in FIG. 3). 

An example of realization of a precharge transistor Pij and of a diode Dij is illustrated in Fig. 4. 
This structure is formed in a P-type single-crystal silicon substrate 10. Each transistor Pij includes 
an N-type drain region 1 1 and an N-type source region 12. Source region 12 extends to form the 
cathode region of diode Dij, the anode of which corresponds to substrate 10. Between the drain and 
the source of transistor Pij is formed an insulated gate 13, for example, made of polysilicon. The 
interference filter structure including layers 4, 5, and 6 already described in relation with Fig. 1 
extends above most of region 12. Drain region 1 1 forms one piece with metallization 15 establishing 
a contact with a precharge voltage source VR. 

Source/cathode region 12 forms one piece with a metallization 16 connected to the gate of 
transistor Tij (see Fig. 3). Further, and according to the present invention, polysilicon region 5 is 
connected to substrate 10. More currently, each of these regions will be connected to a common 
ground. 

According to an alternative of the present invention, the diodes can be formed in a well itself 
formed in a substrate, that is, considering Fig. 4, P region 10 is a well formed in an N-type substrate 
not shown. In this case, polysilicon region 5 can be connected to the substrate and not directly to 
region 10. 

Of course, the present invention is likely to have various alterations, modifications, and 
improvements which will readily occur to those skilled in the art. In particular, the various described 
materials may be replaced with equivalent materials. Other materials compatible with the 
manufacturing of semiconductor components may be used to make the interference filter formed 
above each diode. A significant feature of the present invention is that one layer of this interference 
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filter, separated from the semiconductor substrate by an insulating layer, is conductive and is 
connected to the substrate. All the described types of conductivity may be inverted. Further, although 
a silicon substrate has been described, it should be noted that other semiconductor systems may be 
adapted to the implementation of the present invention. 

Such alterations, modifications, and improvements are intended to be part of this disclosure, and 
are intended to be within the spirit and the scope of the present invention. Accordingly, the foregoing 
description is by way of example only and is not intended to be limiting. The present invention is 
limited only as defined in the following claims and the equivalents thereto. 

What is claimed is: 


